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Abstract
A brief overview of the production at future colliders of two new triplets
of spin one resonances from a strong electroweak breaking is presented.
Fits to the electroweak precision data assuming the Standard Model
(SM) suggest a light Higgs; however the data do not necessarily exclude
possible extensions with a large Higgs mass provided that its effect is com-
pensated by the effect of some new high order operator or of some new
particle [1]. A recent critical review of this option can be found in [2].
These new operators or the presence of new particles can give distinctive
signatures at new accelerators like LHC and future linear colliders. For in-
stance operators of order p4 appearing in the non linear breaking effective
lagrangian can be detected by studying WW scattering at future colliders
with the sensitivity shown in [3]; a review of some possible signatures con-
cerning new resonances can be found in [4]. Among the models with new
vector particles I will present here a brief overview of the phenomenology of
the degenerate BESS model.
The degenerate BESS model (D-BESS) [5] is a realization of dynami-
cal electroweak symmetry breaking which predicts the existence of two new
triplets of gauge bosons almost degenerate in mass (L±, L3), (R±, R3). The
extra parameters are a new gauge coupling constant g′′ and a mass param-
eter M , related to the scale of the underlying symmetry breaking sector.
In the charged sector the R± fields are unmixed and MR± = M , while
ML± ≃M(1+x2) where x = g/g′′ with g the usual SU(2)W gauge coupling
constant. The L3, R3 masses are given by ML3 ≃ M
(
1 + x2
)
, MR3 ≃
1
Table 1: Sensitivity to L3 and R3 production at the LHC and CLIC for
L =100(500) fb−1 with M =1,2(3) TeV at LHC and L =1000 fb−1 at CLIC.
g/g′′ M ΓL3 ΓR3
S√
S+B
S/
√
S +B ∆M
(GeV) (GeV) (GeV) LHC (e, µ) CLIC (had) CLIC
0.1 1000 0.7 0.1 17.3
0.2 1000 2.8 0.4 44.7
0.1 2000 1.4 0.2 3.7
0.2 2000 5.6 0.8 8.8
0.1 3000 2.0 0.3 (3.4) 62 23.20 ± .06
0.2 3000 8.2 1.2 (6.6) 152 83.50 ± .02
M
(
1 + x2 tan2 θ
)
where tan θ = sθ/cθ = g
′/g and g′ is the usual U(1)Y
gauge coupling constant. These resonances are narrow and almost degen-
erate in mass; this model respects the existing stringent bounds from elec-
troweak precision data since the S, T, U (or ǫ1, ǫ2, ǫ3) parameters vanish at
the leading order in the large M expansion due to an additional custodial
symmetry. Therefore the precision electroweak data only set loose bounds
on the parameter space of the model.
Future hadron colliders may be able to discover these new resonances
by their production through quark annihilation and decay in the lepton
channel: qq¯′ → L±,W± → (eνe)µνµ and qq¯ → L3, R3, Z, γ → (e+e−)µ+µ−.
The main backgrounds, left to these channels after the lepton isolation cuts,
are the Drell-Yan processes with SM gauge bosons exchange in the electron
and muon channel. A study has been performed using Pythia and CMSJET,
which performs a simulation of the energy smearing of CMS detector [6].
Results are given in table 1 for the sum of the electron and muon channels for
L = 100 fb−1. For the caseM =3 TeV the results are given for an integrated
luminosity of 500 fb−1. The discovery limit at LHC with L = 100 fb−1 is
M ∼ 2 TeV with g/g′′ = 0.1. Beyond discovery, the possibility to disentangle
the double peak structure depends strongly on g/g′′ and smoothly on the
mass [6]. A lower energy LC can also probe this multi-TeV region through
the virtual effects in the cross-sections for e+e− → L3, R3, Z, γ → f f¯ .
Assuming a resonant signal to be seen at the LHC or at a lower LC, the
multi-TeV collider can measure its width, mass and investigate the existence
of an almost degenerate structure [7]. The ability in identifying the model
distinctive features has been studied using the CLIC production cross sec-
tion and the flavour dependent forward-backward asymmetries, for different
values of g/g′′. The CLIC luminosity spectrum has been obtained with a
dedicated beam simulation program for the nominal parameters at
√
s =
3 TeV. The resulting distributions for M = 3 TeV and g/g′′ = 0.15 are
shown in fig. 1 for the case of the CLIC.02 beam parameters (a luminosity,
L=0.40×1035 cm−2 s−1 and a number of photons radiated per e± in the
bunch, Nγ=1.2).
This study has demonstrated that with 1000 fb−1 of data, CLIC will
be able to resolve the two narrow resonances for values of the coupling
ratio g/g′′ > 0.08, corresponding to a mass splitting ∆M = 13 GeV for
M = 3 TeV, and to determine ∆M with a statistical accuracy better than
100 MeV (see table 1).
References
[1] R. Casalbuoni, S. De Curtis, D. Dominici, R. Gatto and M. Grazzini,
Phys. Lett. B435 (1998) 396; R. Barbieri and A. Strumia, Phys. Lett.
B462 (1999) 144; J. A. Bagger, A. F. Falk and M. Swartz, Phys. Rev.
Lett. 84 (2000) 1385; C. Kolda and H. Murayama, J. High En. Phys.
0007 (2000) 035; R. S. Chivukula, C. Holbling and N. Evans, Phys.
Rev. Lett. 85 (2000) 511.
[2] M. E. Peskin and J. D. Wells, Phys. Rev. D 64 (2001) 093003.
[3] E. Boos, H. J. He, W. Kilian, A. Pukhov, C. P. Yuan and P. M. Zerwas,
in Joint ECFA / DESY Study: Physics and Detectors for a Linear
Collider; A. Dobado, M. J. Herrero, J. R. Pelaez and E. Ruiz Morales,
Phys. Rev. D 62 (2000) 055011; R. Chierici, S. Rosati and M. Kobel,
in Physics and Experiments with Future Linear Colliders, Eds. A. Para
and H. E. Fisk, AIP 578, 2001.
[4] T. L. Barklow, R. S. Chivukula, J. Goldstein and T. Han, in Proc. of
the APS/DPF/DPB Summer Study on the Future of Particle Physics
(Snowmass 2001) , Eds. R. Davidson and C. Quigg.
[5] R. Casalbuoni et al., Phys. Lett. B349 (1995) 533, Phys. Rev. D53
(1996) 5201.
[6] R. Casalbuoni, S. De Curtis. and M. Redi, E. Phys. J. C18 (2000) 65.
[7] M. Battaglia, S. De Curtis, D. Dominici, A. Ferrari and J. Heikkinen,
in Physics and Experiments with Future Linear Colliders, Eds. A. Para
and H. E. Fisk, AIP 578, 2001.
10
-4
10
-3
10
-2
10
-1
1
10
2900 2950 3000 3050 3100 3150
-0.2
0
0.2
0.4
0.6
0.8
2900 2950 3000 3050 3100 3150
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
2900 2950 3000 3050 3100 3150
Ecm (GeV)
σ
ha
d 
(pb
)
Ecm (GeV)
A F
Bµ
µ
Ecm (GeV)
A F
Bc
c
Ecm (GeV)
A F
Bb
b
-0.2
0
0.2
0.4
0.6
0.8
2900 2950 3000 3050 3100 3150
Figure 1: The hadronic cross section (upper left) and µ+µ− (upper right), bb¯ (lower
left) and cc¯ (lower right) forward-backward asymmetries at energies around 3 TeV.
The continous lines represent the predictions for the D-BESS model with M =
3 TeV and g/g′′ = 0.15, the flat lines the SM expectation and the dots the observable
D-BESS signal after accounting for the CLIC.02 luminosity spectrum
